Abstract
Introduction 19
Lithium-ion batteries have many desirable merits such as high energy density, light 20 weight and long cycle life, and are widely developed as energy storage devices in smart 21 grids and electric vehicles [1, 2] , etc. To meet the application power and energy demands, LiMn2O4 cells. Although these SOE estimation approaches are able to achieve 57 acceptable accuracy, the complex algorithms produce a heavy computational burden on 58 the microprocessor with limited computation capability within BMSs.
59
Besides, a common drawback of these SOE estimation methods is that they fail to 
Battery Experiments and Results

89
Battery Test Bench
90
The LiMn2O4 cells with a nominal capacity of 90 Ah were used to investigate the battery In order to investigate the battery maximum available energy with different currents at 109 various ambient temperatures, the battery cells were loaded with the discharge current 110 rates of C/3, 2C/3, C/2 and 1C at temperatures of 10 °C, 25 °C and 40 °C, respectively.
111
At each temperature, the battery cells were firstly charged with a preset constant current 
144
It can be concluded that the battery maximum available energy varies with the operating 145 9 conditions and is greatly related to the ambient temperature and cell aging level. 
202
In Fig.6 quantitative expression which is assumed to be a quadratic function, as given by,
where a, b and c are three coefficients of the quadratic function.
223
The coefficients of the quadratic equation are fit by using Levenberg-Marquardt by, and SOE(0) is the SOE value at the beginning time.
259
As mentioned in Section 2, the battery maximum available energy is greatly related to 260 the ambient temperature, cell aging level and loading current rate. However, it is noted 261 that these three variables are not included in Eq. (4). This is because that in Eq. (4) and maximum available energy values are also related to these variables.
273
As presented in Eq. (4), the battery maximum available energy can be calculated by 
296
In Fig. 8 will be depicted as follows.
304
To investigate the effectiveness of the proposed method during the process of battery 305 aging, the battery cell degraded from 92 Ah to 69.5 Ah was used for the verification.
306
The SOE estimation errors including the maximum absolute error (MAE) and the root 
311
In Fig. 9 , the SOE estimation MAEs at different battery aging levels are less than 3.0% 
329
In Fig. 11 , the SOE estimation MAEs can be limited in a 2.5% error band and the SOE 330 estimation RMSEs are less than 1.0% with different discharging current rates,
331
indicating that the proposed approach can perform well with different discharge current 332 rates. 
Maximum available energy estimation
334
The battery maximum available energy is calculated by the proposed moving-window 
340
In Fig. 12 , the proposed algorithm begins to estimate battery maximum available energy 341 at about 700 s. This is because that the first 500 s are used for SOE estimation correction 
360
Under various ambient temperatures, the estimated results presented in Fig. 14 cycles are depicted in Fig. 16(a) . Before the DST test, the battery cell was fully charged 379 in a constant current and constant voltage regime and the initial referenced SOE was
380
100% while the initial SOE of the algorithm was set to an incorrect value, 48%. The 381 referenced SOE and the estimated SOE are compared in Fig. 16(b) . It can be seen that 382 26 the estimated SOE is able to track the referenced value quickly. Fig. 16(c) 
